X-ray behavior of the dwarf novae (DNe) outside the quiescent state has not been fully understood. We thus assembled 21 data sets of the 15 DNe observed by the Suzaku satellite by the end of 2013, which include spectra taken during not only the quiescence, but also the transitional, outburst, and super-outburst states. Starting with the traditional cooling flow model to explain the X-ray emission from the boundary layer, we made several modifications to account for the observed spectra. As a result, we found that the best-fit spectral model depends strongly on the state of the DNe with only a few exceptions. Spectra in the quiescent state are explained by the cooling flow model plus a Fe fluorescent line emission attenuated by an interstellar extinction. Spectra in the transitional state require an additional partial covering extinction. Spectra in the outburst and super-outburst state require additional low-temperature thin-thermal plasma component(s). Spectra in the super-outburst state further require a high value of the minimum temperature of the boundary layer. We present an interpretation on the required modifications to the cooling flow model for each state.
Introduction
Dwarf novae (DNe) are semi-detached close binary systems consisting of a late-type star and a white dwarf (WD) with a weak magnetic field (≤10 6 G; van Teeseling et al. 1996) . The gas of the secondary star fills the Roche lobe and flows onto the WD. The accreting gas has an angular momentum, and an accretion disk is formed around the WD (see Warner 1995 for a review of DNe). The accretion disk has two stable states, in which the hydrogen is either neutral (∼10 3 K) or is fully ionized (∼10 4 K). These states correspond to the quiescent and the outburst state, respectively, in the optical light curve. The transition between the quiescent state and the outburst state is considered to be caused by thermal instability of the accretion disk (Osaki 1974; Hōshi 1979; Meyer & Meyer-Hofmeister 1981) . Some DNe also show super-outbursts, which are brighter and longer than normal outbursts. This is probably caused by thermal and tidal instability of the disk (Whitehurst 1988; Osaki 1989; Hirose & Osaki 1990 ).
These sources are also known as copious EUV and X-ray photon emitters. Whereas the gas in the inner edge of the accre-tion disk follows the Kepler rotation, the rotation velocity of the WD is much slower. Therefore, when the gas falls to the WD surface, it is decelerated by a strong frictional force, and the kinetic energy is dissipated into thermal energy. This region is called the boundary layer (BL), and its temperature is heated to ∼10 8 K. The strong EUV and X-rays are mainly emitted from this region. Baskill et al. (2005) and Pandel et al. (2005) carried out a systematic study of X-ray emission from DNe using the archival data set of the ASCA and XMM-Newton observatories, respectively. These authors revealed that the BL consists of optically thin multi-temperature plasma, that is explained by isobaric cooling flow model in the quiescent state. They also reported that spectra in the outburst state deviate from the isobaric cooling flow model. However, the number of samples in the outburst state is small in their data sets, thus the X-ray behavior of DNe during non-quiescent state was not fully described yet.
In this paper, we use the Suzaku X-ray archival data. A rich data set is found in the archive, including the quiescent, transition, outburst, and super-outburst states for the same several sources. Therefore, our catalog supplements the previous two studies and is well suited to investigate differences in the X-ray behavior among the states. There are two purposes of this paper; (1) to present a DNe X-ray spectral catalog from the Suzaku archive, and (2) to describe general X-ray spectroscopic features during each state.
Observations & Reduction

Suzaku
We used the archival data of the Suzaku satellite (Mitsuda et al. 2007) . Suzaku has two instruments: one is the X-ray Imaging Spectrometer (XIS; Koyama et al. 2007 ) and the other is the Hard X-ray Detector (HXD; Kokubun et al. 2007; Takahashi et al. 2007) . We concentrated on the XIS data, since no significant signals were detected with HXD for most data sets.
The XIS consists of four X-ray CCD cameras, each of which is located in the focal plane of the X-Ray Telescope (XRT; Serlemitsos et al. 2007 ) modules. The XIS has a sensitivity in an energy range of 0.2-12.0 keV band. The XIS0, 2, and 3 are front-illuminated (FI) devices, while XIS1 is a back-illuminated (BI) device. The former has a higher quantum efficiency in the hard band, while the latter has in the soft band. The combination of the XIS and the XRT offers an imaging capability to cover a field of view of ∼17.
′ 8×17. ′ 8. The entire XIS2 and a part of XIS0 have been dysfunctional since 2006 November 9 and 2009 June 23, respectively, due to putative micro-meteorite hits. We thus used the remaining part of XIS0, XIS1, and XIS3 in all the data set.
Data set
We constructed our sample list based on Ritter & Kolb (2003) . Among those classified as DNe, 23 sources were found to be within 9 ′ of the XIS field center. We removed sources (i) located in a globular cluster or unresolved from other sources, and (ii) with no significant detection of the XIS by quick-look analysis (CP Dra). For each observation, we constructed an optical light curves using the American Association of Variable Star Observers (AAVSO) 1 International Database (figure 1). As a result, we obtained a list of 15 DNe for various types (SU UMa, U Gem, Z Cam types) with 21 observations for various states (quiescent, outburst, super-outburst, and transitional states; table 1). Here, we define the "transitional state" as the period between the onset and the peak, and the "outburst state" from the peak to the quiescence level in an outburst by the optical light curve. Four DNe have multiple observations in different states, which is a uniqueness of our data set.
Data reduction
For all observations, the XIS was operated with the normal clocking mode with a read-out time of 8 s. We discarded events during the South Atlantic Anomaly (SAA) passages and the elevation angles from the day Earth by ≤ 20
• and the night Earth by ≤ 5
• . We extracted source events within a 3 ′ radius circle, and the background events from a 4-6 ′ annulus for all the targets. For FL Psc, we further removed events within a 2 ′ radius circle of a near-by point-like source. Throughout this paper, we used HEADAS software package 2 version 6.15 for data reduction. The response files of XIS and XRT were generated using the xisrmfgen and the xissimarfgen (Ishisaki et al. 2007 ) tools, respectively.
Analysis
The average XIS1 spectra in the 0.25-8.0 keV band are shown for 21 observations in figure 2. Almost all the spectra exhibit a complex of Fe lines in the 6-7 keV band, which is composed of the fluorescent line from neutral or low ionized Fe, He α line from Fe XXV, and Ly α line from Fe XXVI. We use the 0.25-8.0 (BI) and 0.4-10.0 keV (FI) band spectra for the fitting. We inspected all the light curves and found no clear phase change, thus we only deal with time-averaged spectra unless otherwise noted.
Spectral hardness
In order to have an overview of the spectral properties, we first investigated the hardness ratio (HR) defined as (H − S)/(H + Marsh et al. 1990; (16) Zhang & Robinson 1987; (17) van Amerongen et al. 1987; (18) Schoembs & Vogt 1981; (19) Barrett 1996; (20) Echevarría et al. 1999; (21) Thorstensen et al. 2008; (22) Kato et al. 2009; (23) Reis et al. 2013; (24) Mukai et al. 2009; (25) Mason et al. 2001; (26) Mennickent & Arenas 1998; (27) Godon et al. 2008; (28) Jurcevic et al. 1994; (29) Thorstensen et al. 2004; (30) Friend et al. 1990; (31) Howell & Szkody 1988; (32) Shears et al. 2011. S). Figure 3 shows the histogram of HR with different symbols for different states. The HR distribution shows that different states have different distributions despite the inhomogeneity of the date set: the transitional state exhibits hard spectra, and the outburst and the super-outburst states exhibit softer spectra than those in the quiescent state. This indicates that the state is a primary factor to characterize X-ray spectra of DNe.
Fiducial model
For spectral fitting, we begin with the isobaric cooling flow model (mkcflow: Mushotzky & Szymkowiak 1988) . In this model, the accreting gas cools as a steady flow with gradually changing temperatures under an equal pressure, and each temperature layer emits an optically-thin thermal plasma radiation. Despite its simplicity, the model is known to describe the X-ray spectra of DNe very well at least in the quiescent state (e.g., Mukai et al. 2003; Pandel et al. 2005) . The free parameters are the maximum and minimum temperatures of the plasma (Tmax and Tmin), the metal abundances (Z), and the normalization. The normalization represents the mass accretion rate (Ṁ ). We used the abundance table by Wilms et al. (2000) and varied the relative abundance collectively for all metals. We fixed Tmin to 80.8 eV unless otherwise noted. This is the lower limit value of the model in the XSPEC fitting package, which we assume to be the temperature of the WD surface.
We fitted the background-subtracted spectra using the cooling flow model attenuated by a photoelectric absorption (tbabs: Wilms et al. 2000) to account for the extinction by the interstellar medium (ISM). Some sources show excess emission at 6.4 keV, which is presumably from the reprocessed Fe fluorescence emission. We added a Gaussian model for this line. We refer this model as the "fiducial model" in the rest of the paper.
The fitting result is shown in table 2. We fixed the NH values for Z Cam, SS Cyg, U Gem and VW Hyi based on ultraviolet spectral studies of individual sources (Baskill et al. 2005 , Mauche et al. 1988 , Long et al. 1996 , and Polidan et al. 1990 ). For the others, the NH value was a free parameter. The metal abundance was tied for all the spectra of the same source in the same state. We did not tie the metal abundance for spectra of the same source in different states. This is because, in general, the plasma temperature differs for different states, and the elements with the most prominent line emission change. Thus, it is not unexpected to have different best-fit values of metal abundance when they are thawed collectively.
It is remarkable that the result is quite distinctive between the quiescent state and the other states. If we adopt the reduced χ 2 value of 1.33 to be the success or failure criterion of the fitting, all but two (BV Cen and V893 Sco) sources were fitted successfully with the fiducial model for the quiescent state. The fiducial model is not successful to explain the spectra in the other states. 9.4
1.15 (226) * Parameters are for the hydrogen column density (N H ), the maximum plasma temperature (Tmax), the metal abundance with respect to the solar value (Z), the mass accretion rate (Ṁ ), the equivalent width of 6.4 keV line (EW) and the luminosity in the 0.5-10.0 keV band (L X ). The reduced χ 2 (χ 2 red ) and the degree of freedom (dof) are also shown for the goodness of the fitting. The errors indicate a 1σ statistical uncertainty. † Hydrogen column density was fixed based on ultraviolet observations: Z Cam; Baskill et al. (2005) , SS Cyg; Mauche et al. (1988) , U Gem; Long et al. (1996) , VW Hyi; Polidan et al. (1990) .
Modified model by an extra extinction
We inspected the spectra that were not fitted with the fiducial model, and found that the fitting can be improved by several different modifications for different groups of sources.
The first modification is to add an extinction, presumably by the intrinsic absorber, in addition to the ISM extinction. Three spectra (V893 Sco and BV Cen in the quiescent state and Z Cam in the transitional state) showed an improved fitting result by this modification. An intrinsic extinction should be also considered for sources with a spectrum fitted by the fiducial model if the best-fit N H value is too large for the ISM extinction. We found that KT Per is such a source.
For the four sources, we fixed the ISM extinction column to the value derived from the B-V color (table 3) in the fiducial model. Then, we multiplied an additional extinction model to represent the intrinsic absorber extinction. Two models were employed: full neutral extinction (tbabs) and a partial neutral extinction (pcfabs). The latter yielded a statistically better and acceptable fit for all the spectra. The best-fit model and parameters with the partial extinction model are shown in figure 4 and table 3. H ) and the covering fraction (C int. ) of the the additional neutral partial covering absorption .
Next, we divided the events into two phases depending on the hardness ratio being greater or smaller than the median value in order to study origin of the spectral variations. We generated spectrum of each phase (figure 5). In all the spectra, there are no spectral changes in the hard band. However, in the soft band, the intensity is smaller during the hard phase. We fitted the total-band spectra in the soft and hard phases separately with the modified model, and found that the spectral variation is primarily explained by change of the partial covering fraction of the intrinsic extinction component (table 4) .
Modified model with extra soft-band emission
For other spectra during the outburst or the super-outburst states, the fitting with the fiducial model was not successful especially below 2 keV. This cannot be explained by adding an extra extinction ( § 3.3). However, when we restricted the energy range to 2-10 keV for the fiducial model fitting, the result was successful; the χ 2 red (and d.o.f) of Z Cam, SS Cyg, U Gem, and VW Hyi are 1.13 (55), 1.21 (582), 1.24 (508), and 1.25 (142), respectively. By extrapolating the best-fit fiducial model to the range below 2 keV, we clearly see the excess with line emission in the soft band, which suggests the presence of an additional thin-thermal plasma component.
In the cooling flow component of our fiducial model, the power-law slope of the differential emission measure distribution is fixed. Pandel et al. (2005) took a different approach by treating the power-law slope as a free parameter. This allows a more flexible distribution to be fitted. We followed this approach, but the soft excess emission was still found, suggesting that the additional component is something different from the BL plasma represented by a continuous differential emission measure distribution.
It is also suggested that the black body emission from the BL emerges during outbursts (Mauche et al. 1995; Long et al. 1996) . The temperature is too low to constrain only from the XIS data, so we refer to the values derived in EUVE studies: 20 eV for SS Cyg (Mauche et al. 1995) , 11.9 eV for U Gem (Long et al. 1996) , and < ∼ 10 eV for VW Hyi (Mauche 1996) . Z Cam has no reference, but has no excess emission in the softest band of the XIS spectrum like U Gem, so we used 11.9 eV as an upper limit. We did spectral fitting with the black body luminosity as an additional free parameter, and tested the fitting improvement by the F statistics. The addition of the black body component was only justified for SS Cyg in outburst. We thus added a black body component only for this spectrum hereafter.
In the end, we evaluated this soft excess emission. After fixing the best-fit parameters of the fiducial model in the 2-10 keV band, we added a single temperature thermal plasma model (MEKAL; Mewe et al. 1985; Mewe et al. 1986; Liedahl et al. 1995; Kaastra et al. 1996) . As a consequence, the fitting improved by adding one thermal plasma component in U Gem, or two components are required in SS Cyg and Z Cam (table 5 and figure 6). The super-outburst of VW Hyi is, however, not explained even by adding extra-soft components (table 5 and ) and the metal abundance (Z) are fixed to the best-fit value listed in table 3. ‡ The hydrogen column density (N int.
H ) and the covering fraction (C int. ) of the the additional neutral partial covering absorption . Mauche et al. 1988, U Gem; Long et al. 1996, VW Hyi; Polidan et al. 1990 ) ‡ Abundance is fixed to the best-fit values in the quiescent or the transitional state. § The temperature of black body component for SS Cyg. The component was not necessary for other spectra. ¶ T min is fixed to 80.8 eV.
Modified model further with T min
One spectrum remained without being fitted successfully by any modifications discussed in § 3.3 and § 3.4, is the VW Hyi spectrum in the super-outburst state. Since there are large residuals in the 0.9-1.2 keV band (figure 6), which are presumably due to the Fe L emission line complex, we changed the value of Tmin in the cooling flow model to ∼1 keV, which is the only free parameter at this point. Consequently, the fitting improved by changing Tmin ∼ 1.20 keV with the F probability of ∼3.8×10 −11 against the null hypothesis that the improvement is random (table 5 and figure 6, 7). 
Discussion
Comparison with preceding results
First, we compare our fitting results with those in preceding works using the same data set. Byckling et al. (2010) selected 12 DNe with a parallax measurement among the XMMNewton, ASCA, and Suzaku archives for constructing a precise luminosity function of DNe. Eight of the samples are the same with ours. Seven are in the quiescent state, while one (KT Per) is in the outburst according to their classification. The states are consistent with ours except for KT Per, which we classify as the quiescent or transition state in our definition. They fitted all the spectra using the cooling flow model similarly to our fiducial model, including KT Per. All the parameters are consistent with ours except for the abundance. The difference of the abundance is presumably due to the use of different abundance table; Wilms et al. (2000) used in this work has about a half of Fe abundance than Anders & Grevesse (1989 ) used in Byckling et al. (2010 ; Fe dominates the abundance determination in the fitting for spectra in the quiescent state. Saitou et al. (2012) and Ishida et al. (2009) studied individual sources (Z Cam in outburst and SS Cyg in both quiescence and outburst, respectively) in detail. Both work used not only the XIS but also the HXD data up to 40 keV, and fitted the spectra by considering the reflection component. Since we do not include the reflection component, our Tmax andṀ are higher than their results. This also gives a slight change in the estimate of the intrinsic absorber extinction model. Saitou et al. (2012) derived a larger covering fraction by 10% and a smaller column density by 17% than ours. For other parameters, our results on Z Cam and SS Cyg are consistent with those by Saitou et al. (2012) and Ishida et al. (2009) . Mukai et al. (2009) studied V893 Sco and fitted the XIS spectrum based on the cooling flow model. They showed that a partial covering extinction in addition to the ISM extinction is needed to explain the XIS spectrum , which we confirmed.
X-ray spectral characteristics of each state
We started the spectral fitting with the fiducial model, and applied several modifications finally to explain all the spectra. We took a data-oriented approach, but the result shows that the bestfit model depends strongly on the state of DNe. Despite the diversity of the samples belonging to different types, the result is quite clear.
• All but two (BV Cen and V893 Sco) spectra in the quiescent state were explained just by the fiducial model. The two exceptions require a partial covering absorption.
• The only spectrum definitively in the transitional state (Z Cam) and another possibly in the transitional state (KT Per) were explained by an additional partial covering extinction upon the fiducial model. • All outburst spectra were explained by the fiducial model added by one or two thin-thermal plasma components in the soft band.
• The only super-outburst spectrum required a further increase of Tmin.
In all the spectra, the fiducial model explained the spectra in the hard band, which indicates that the hard X-ray emission arises from the BL in all the states.
Possible explanations for the partial covering material include (i) a part of the accretion disk interrupts the X-ray emission from the BL, or (ii) a part of the X-ray emission is absorbed by an intervening matter such as clumpy disk wind. If the partial covering absorber is a part of the disk, the variation is expected to be related to the orbital period. We constructed light curves in the three energy bands (0.2-10.0, 0.2-1.5, and 1.5-10.0 keV band) and the hardness ratios in figure 8 for these sources. We do not see a clear variation synchronized with the orbital period, which suggests that the explanation (ii) is more likely. This is consistent with Saitou et al. (2012) using the same data set for Z Cam in the transitional state.
It is interesting to note that the Z Cam spectrum in the outburst state, which is newly presented in this work, does not re- quire an additional partial extinction. This is in contrast with the ASCA result (Baskill et al. 2005) , in which a partial covering was required during the outburst state. The disk wind in Z Cam may be prominent only during a part of the transitional and outburst states.
It is also noteworthy that an additional partial extinction was required also in two sources in the quiescent state. For one of them (V893 Sco), Mukai et al. (2009) argued that the origin of the intrinsic absorber is in the inner part of the disk, which is likely for a high-inclination systems. The other source, BV Cen, may be explained by the same interpretation, though its inclination is not very high (table 1) . Mukai et al. (2009) also found a dip in the X-ray light curve of V893 Sco, which does not accompany the change of the spectral shape. They attribute the dip to the partial covering by the companion star. In our data, KT Per have a similar behavior; it exhibits little change in the hardness ratio light curve unlike the other these sources, yet shows a clear decline in the last quarter of the X-ray light curve (figure 8). The decline does not repeat by the orbital phase, so the partial covering should be by something else. There may be several different origins, and a multiple of them are combined, for the additional extinction in DNe.
During the outbursts and super-outburst states, additional low-temperature thermal plasma emission was required to explain the soft excess below 2 keV ( § 3.4 and 3.5), which we consider to originate from a region different from the BL, such as a corona around the WD and/or the disk.
During the super-outburst of VW Hyi, a significant change of Tmin was observed, which may indicate that the plasma structure changed in the BL during this state. This can be explained if the inner edge of the accretion disk becomes so dense that the WD surface is beyond the τ = 1 depth seen from the observer. As a consequence, Tmin, which is the BL temperature at τ ∼ 1, becomes higher than the WD surface temperature.
Conclusions
We carried out a systematic analysis of 21 data sets of the 15 DNe observed by Suzaku. We classified DNe based on the optical light curves into the four states; quiescent, transitional, outburst, and super-outburst states. We revealed a general picture for each state in the X-rays.
For spectral analysis, we defined the isobaric cooling flow model with a Gaussian model at 6.4 keV attenuated by a photoelectric absorption as the "fiducial model". All the X-ray spectra except two in the quiescent state were represented by the fiducial model. This result suggests, as Baskill et al. (2005) and et al. (2005) pointed out, the X-ray emission is radiated from the optically-thin multi-temperature plasma located in the boundary layer in this state. For one DN in the transition state and another possibly in the transition state, we fitted their spectra successfully with the fiducial model modified with a partial covering absorption by neutral matter, which we consider to be an intervening matter such as clumpy disk wind. However, the additional covering can be attributed by other mechanisms such as a partial eclipse by the inner part of the disk, the companion star, or something else. The outburst and super-outburst spectra can be fitted with the fiducial model only in the 2.0-10.0 keV band. We found a significant soft excess below 2.0 keV, which was reproduced by one or two thermal plasma components. We speculate that a possible origin for the soft excess emission is a corona somewhere in the system. Furthermore, in the superoutburst state, it was necessary to raise the minimum temperature of the white-dwarf surface in the fiducial model, suggesting that the plasma structure changes in this state.
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